ABSTRACT. In Brazil, the total production of maize has increased continuously due to the advances in technology but also to the new frontiers for the maize crop, including the expansion of the second crop (safrinha; usually maize after soybean). Therefore, the exploitation of new sources of germplasm seems to be imperative to attend the actual and future demands for modern cultivars adapted to the greatly variable environments available to the maize crop. The present study was based on a partial diallel (intergroup) cross to provide quantitative information on the potential of two groups of varieties (NAP -exotics and HG -local) and their combining abilities to direct the synthesis of new populations to be used in hybrid crosses or as a base for breeding programs. The experiments were carried out in two planting seasons (safra -1st crop; safrinha -2nd crop) following the completely randomized block design with four replications of plots 5 m long spaced 0.9 m with 25 plants per plot after thinning. The following traits were analyzed: male flowering (days), stalk diameter (mm), plant height (m), ear height (m), tassel length (cm), tassel branch number, ear length (cm), ear diameter (cm), ear yield (t/ha), and grain yield (t/ha). The populations under study presented acceptable levels for yield potential and agronomic traits, thus assuring good perspectives for their use in breeding programs. The prediction for the new populations to be synthesized from the cross between the two groups of varieties contributed positively and HG-3 population was the most appropriate, in both eras, as the parent variety most promising in Group II (HG to be used as a base) for incorporation of varieties of Group I (NAP).
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INTRODUCTION
The maize crop has been recognized as one of the most important for the expansion of the Brazilian agriculture. In the last three decades, maize has been cultivated in two seasons of the same year: 1st crop (safra -October to January) and 2nd crop (safrinha -February to May), with planting date varying in different regions. The yield level of the 2nd crop (usually corn after soybean) has increased continuously during the last years and in some regions the cultivated area has been higher than the 1st crop. The Central West region represents more than 65% of the maize crop in the 2nd season in Brazil (CONAB, 2015) . Besides the expansion of the maize crop in time it also has occurred extensively in space by opening new frontiers, thus increasing the variation of environments (latitude, altitude, fertility, biotic and non-biotic stresses, etc.). Such great changes justify the interest for new sources of germplasm to increase the chances of success of breeding programs to attend the new and expanding demands for adapted and outstanding genotypes.
The introduction of exotic germplasm in breeding programs has long been recognized as an important strategy to increase genetic variability and for incorporation of important genes not existing in the local varieties (Goodman, 1985; Nass et al., 2001) . In Brazil, the great variability that characterize the maize germplasm has a significant contribution of exotic sources that largely contributed to increase the efficiency of breeding programs for the development of cultivars Santos and Miranda Filho, 1992; Regitano Neto et al., 1997) . Old local varieties such as Cateto and Dente Paulista were the first sources for the development of the hybrid seeds. The introduction of exotic germplasm, mainly Tuxpeño and related races of Mexico and Central America, largely contributed for the development of outstanding semident hybrids (Miranda Filho and Viégas, 1987) . Later on, several other introductions were continuously accomplished (Moro et al., 1981; Nass et al., 2001) . In spite of the cognizance on the role of previous introductions, recently there has been an increasing interest for new sources of germplasm, particularly focusing the resistance or tolerance to several kinds of stresses (Basso and Miranda Filho, 2001; Oliveira et al., 2015) .
The present study focused in a first plane the evaluation of crosses between two groups of germplasm (I. exotic; II. local) to get knowledge on their intrinsic genetic properties in order to direct actions for incorporation and development of new populations to be used in breeding programs.
where Y ij is the plot expression of the i th treatment at the j th replication whose effects are represented by t i (fixed) and b j (random); e ij is the random error term for individual plots. In the analysis, the experimental unity was represented by plot totals (MF, EY, GY) or plot means (SD, PH, EH, TL, NB, EL, ED: means of five plants or ears per plot).
Analysis of the variance of the diallel table (parental varieties and crosses) was accomplished with plot means of four replications, using the model presented by Geraldi and Miranda Filho (1988) . In such model, the effect of treatments is partitioned in three groups: Varieties I, Varieties II and hybrids (variety crosses), representing Group I, Group II and hybrids (Group I x Group II). The diallel itself is analyzed only with variety crosses and the appropriate model is an adaptation of Method-IV of Griffing (1956) , as shown by Geraldi and Miranda where ij e is the error term adjusted to means of r replications, or µ is the mean of all crosses, g i and g j are the effects of general combining ability (GCA) of varieties in Group I and Group II and s ij is the effect of specific combining ability (SCA); except for ij e , all other effects are fixed. An alternative model for the analysis of the diallel table should be the model for partial diallel suggested by Miranda Filho and Geraldi (1984) , that is based on the heterosis and its components, as an adaptation to the model of Gardner and Eberhart (1966) ; however, for the purpose of the present study the model discussed by Geraldi and Miranda was considered the most appropriate.
As already mentioned, the main purpose of the present study was to obtain information about important quantitative characters in two distinct groups of populations (herein designated as varieties) and their use for guiding the synthesis of new populations for breeding objectives.
The methodology for prediction of population means was used for the identification of two types of populations: a) Population resulting from the recombination of the variety cross (NAP x HG = Group I x Group II), for the identification of the local population (HG from Group II) most promising for the incorporation of each semiexotic population from Group I. b) Hybrid combinations (NAP x HG) most appropriate for the exploitation of heterosis at the interpopulation level, also looking forward to the development of inbred lines to be used in hybrid crosses.
In (a) it was used the prediction formula given by Miranda Filho (1974) and Hallauer and Miranda Filho (1988): where ϕ is the expected mean of the composite formed with 50% of one semiexotic variety Y is the observed mean of the semiexotic population; V Y is the mean of k varieties used as the base for incorporation; 0 h is the average heterosis of crosses between the semiexotic variety and the k varieties of Group II; V h is the average heterosis of crosses between the k varieties. In the present study, only one variety HG will be used for incorporation of each NAP, so that k = 1, V h does not exist and the prediction formula and is reduced to which is equivalent to the formula of Mather and Jinks (1982) for prediction of the F 2 generation from the cross between two inbred parents. In the present case, the resulting population is a composite of size s = 2, obtained by recombination of the F 1 hybrid between two varieties. Since the recombination is a random procedure, the newly formed composite will be in HardyWeinberg equilibrium and literally ready to initiate a recurrent selection program.
In the scheme (b), the interest is on the hybrid between two composites, one from each group (I and II). For that purpose, selection of the basic germplasm was done in two distinct phases:
(b 1 ) -Selection of the most promising varieties based on the effects of GCA in each group (g i in Group I and g j in Group II), estimated according to the model for partial diallel shown by Geraldi and Miranda ; thus, only the varieties with positive estimates of g i and g j were chosen for predicting means, as planned. Finally, the following sets of varieties were chosen: (3, 6, 7, 8) in Group I and (4', 5') in Group II, under the conditions of 1st crop; and (1, 6, 7, 8) and (3', 5') under the conditions of 2nd crop, respectively.
(b 2 ) -Predicting means of hybrids between composites of different groups. With the n 1 varieties taken from Group I, n р1 = 2 n1 -1 populations (combinations) will be available, including the n 1 varieties plus 2 n1 -(n 1 + 1) composites of size k ≥ 2; for n 1 = 4, it follows n р1 = 15. In Group II, it will be available n р2 = 3 (two varieties and the composite of size s = 2). Therefore, the possible number of hybrids between composites will be N c = n р1 . n р2 = 45. The same calculation holds for both 1st and 2nd crops because the same number of available varieties. The predicted mean of the hybrid between composites (composite I x composite II) is given by where f i is the proportion that each variety of Group I (V i ) enter in the composite; the same thought applies to varieties of Group II (V j ). Actually, the formula above is symbolic and if expressed algebraically would be which still is a conceptual definition, that to be an effective formula the product V i V j must be replaced by the observed mean of the hybrid H ij ; then, the effective formula for prediction of the cross between two composites (Eberhart et al., 1967; Vencovsky and Barriga, 1992) is In the present study, with previous selection of varieties based on estimates of GCA, the prediction process reduces to 45 crosses, as already shown. Nevertheless, the prediction of all possible hybrids comprising the whole set of varieties (9 in Group I and 5 in Group II) would lead that number to (2 9 -1) (2 5 -1) = 15,841.
RESULTS AND DISCUSSION

Means and variances
The observed means of ten plant and ear traits are shown in Tables 1 and 2 referring to two planting seasons (1st crop -e 1 : safra; 2nd crop -e 2 : safrinha, respectively); the whole set of means includes nine varieties of Group I, five varieties of Group II and 45 hybrid crosses (Group I x Group II). Means for each trait in experiments of two seasons are summarized in Table 3 .
For male flowering, practically there was no difference among groups (Varieties I, Varieties II, Hybrids) with means around 59 days in ε 1 and around 60 days in ε 2 . However, the earliest (lower mean) in ε 1 was for 5 (NAP-HT) in Group 1, 4' (HG-75) in Group II and the hybrid 4 x 1' (NAP-DB x HG-40); in ε 2 the earliest varieties were the same as in ε 1 and the hybrid crosses were very similar (around 60 days). It was concluded that expression of male flowering for both groups of parent varieties and hybrids was within the pattern of cultivars of maize commonly in use. Souza (2015) reported male flowering (days) as 60.9, 63.1 and 61.7 in the semi-exotic populations CRE-01, CRE-02, and CRE-03, which were higher than the check hybrids (P30K75 and SHS 4080) by 4.2, 6.0, and 4.8%, respectively.
SD also showed to be very similar among groups, in the range of 24 to 26 mm in the whole set. The only difference was that means were a little lower for all groups (less than 1.1 mm on average) in ε 2 . The same pattern of expression among groups in two seasons was observed for plant height and ear height. However, it was possible to identify 3 (NAP-FB) and 4' (HG-75) as the smaller means for plant height in e 1 and 3 and 1' (HG-40) in ε 2 . The lower means for ear height were exhibited by the same parental varieties as for plant height in both seasons.
TL and NB, on the average for each group, were in the range of 34 to 40 and 9 to 18, respectively; for both traits there was a slight decrease from ε 1 to ε 2 . Such ranges were somewhat below the ranges (36.1 to 46.0 and 12.6 to 23.8, averaging 40.9 and 18.4, respectively) reported by Andrade and Miranda Filho (2008) for half-sib family means of the maize population, ESALQ-PB1. Souza (2015) reported means for TL and NB, around 38 and 14 in three semi-exotic populations (CRE-01, CRE-02, CRE-03). For both TL and NB, as a measure of tassel size, Group I showed a slightly higher mean than Group II in both seasons, which is a coherent result, because modern germplasm derived from commercial cultivars, as is the case of varieties of Group II, tends to exhibit smaller tassels.
EL and ED showed a similar pattern of expression as for TL and NB in the three groups, i.e., Group II < Hybrids < Group I in ε 1 and Group II < Group I < Hybrids in ε 2 . In general, there was a decrease in means from ε 1 to ε 2 in both traits. The relatively lower expression of EL and ED in Group II is explained because this group was developed from recombination of commercial hybrids and this procedure leads to a decrease in the level of heterozygosity and consequently in the hybrid vigor (6.40% for EL and 3.56% for ED, on the average of two seasons; see Table 4 ). Comparing the sets (Group I, Group II, Hybrids), the highest means (cm) for EL were (18.0, 17.5, 18.4) in ε 1 and (15.8, 15.3, 17.4) in ε 2 ; for ED were (4.75, 4.67, 4.95) in ε 1 and (4.30, 4.30, 4.51) in ε 2 . In the group of hybrids, the highest means for EL were in the crosses 9 x 5' (NAP-CS x HG-81]) and 1 x 5' (NAP-FA x HG-81); and for ED were in the crosses 6 x 5' (NAP-PP x HG-81) and 3 x 1' (NAP-FB x HG-40).
For abbreviations, see Tables 1 or 2 . Seasons: e 1 -1st crop = safra, e 2 -2nd crop = safrinha. In season e 1 , the highest yielding varieties (ear yield and grain yield) were 1 (NAP-FA) and 4 (NAP-DB) in Group I, 3' (HG-55) in Group II and the hybrid 7 x 3' (NAP-PZ x HG-55).
In season e 2 , the outstanding materials were 2 (NAP-FL), 3' (HG-55) and 6 x 3' (NAP-PP x HG-55), respectively. On average, Group I showed ear yield 17.4 and 6.1% higher than Group II in e 1 and e 2 , respectively; for grain yield the corresponding values were 15.9 and 3.9%.
The average heterosis ( h ) expressed in variety crosses were below 5% (relative to midparent) in most instances (Table 4) ; for plant traits h > 5% were detected only for PH in both seasons, EH in e 1 and EL in e 2 . The yield traits (EY and GY) showed midparent heterosis around 19% in e 1 and around 13% in e 2 . As already mentioned, estimates of heterosis of GY for specific crosses were used for prediction of the population resulting from recombination of F 1 hybrids between varieties (NAP x HG). Therefore, estimates of heterosis for GY are shown in Table 5 , for all crosses. The preliminary analysis of variance referring only to treatments of the diallel scheme is shown in Table 6 for the ten analyzed traits. The effects of replications were significant for seven traits in season e 1 and for three traits in e 2 . The mean squares for populations were nonsignificant only for SD (stalk diameter) in season e 1 . The mean squares of the error term were adjusted to be used in the analysis of treatment means (over four replications) according to the partial diallel model shown in Tables 7 and 8 for season e 1 . The variation among hybrids was significant for all traits except for SD. The effects of GCA of varieties in Group I were nonsignificant for SD, TL, EL and ED; in Group II the GCA effects were significant for all traits. The effects of SCA were significant only for MF, PH, EH, EY, and GY. The differences among varieties of Group I were non-significant only for SD, TL, EL and GY, while in Group II nonsignificants were for SD, TL, ED, and GY. The contrast (ѵ) for comparing the two groups of varieties were non-significant for MF, SD, TL and ED. The contrast (Һ) for comparing hybrids vs varieties is related to the average heterosis of the hybrid crosses and were non-significant only for MF, SD, PH, EH and TL. In season e 2 (Tables 9 and 10), the GCA effects were nonsignificant only for NB in Group I and for TL and ED in Group II. The SCA effects were nonsignificant for SD, TL and NB. Non-significance also was found for SD, ED and GY in the contrast (ѵ); and for EH in the contrast (Һ). The level of significant differentiation expressed in the groups of varieties and variety crosses, mainly in relation to the effects of combining ability and heterosis, may assure an acceptable confidence to use the methodology for prediction of the performance of the new populations derived from the source of germplasm under study. The use of prediction methods for the synthesis of hybrids from inbred lines (Jenkins, 1934 (Jenkins, , 1978 and composite populations of crosses between composites (Eberhart et al., 1967; Miranda Filho and Chaves, 1991) have been used in maize-breeding programs. Analysis with means of four replications in randomized blocks. For abbreviations, see Tables 1 or 2 Tables 1 or 2 The estimates of the effects of GCA for both groups of varieties (g i -group I; g jgroup II) and the maximum and minimum values for the estimates of SCA (s ij ) within the group of 45 variety crosses are shown in Table 11 . High estimates for GCA, either positive or negative, indicate more or less expression of the trait on the average of all crosses involving the respective parent; these effects are then related to the predominantly additive gene action (Sprague and Tatum, 1942) . On the other hand, the s ij effect expresses the non-additive gene action and is a component of the observed mean in a hybrid combination.
As already emphasized by Vencovsky and Barriga (1992) , the GCA effects are associated with the allele frequency in the parents, so that the higher frequencies of favorable alleles will lead to the positive expression of the trait and lower frequencies to the negative expression. Therefore, the breeder must be interested in positive expression (positive GCA) for some traits and negative expression (negative GCA) for other traits. For example, when focusing the agronomic aspect in maize, for traits such as male flowering, plant and ear height, tassel size, etc., should be desirable a decrease in their phenotypic expression; on the other hand, for traits such as ear length and diameter, grain yield, disease resistance, etc., a positive expression is desirable in most instances.
For abbreviations, see Tables 1 or 2. A/s ij = range for estimates of specific combining ability effects. The significance of GCA for the traits directly associates with yield (EY and GY) assures a good perspective for the selection process herein proposed, and before looking to this topic it is readily seen the outstanding parent varieties as indicated by their high and positive effects of GCA; in fact, for GY the higher estimates of g i and g j were shown by NAP-8 in Group I and by HG-5 Group II in the 1st crop; in the 2nd crop the higher estimates were for NAP-6 and HG-5, respectively.
Prediction of population means
As already shown, the main focus of the present study is directed to the synthesis of new populations by exploiting exotic germplasm in combination with local and adapted populations. In this sense, two types of populations are to be developed: a) Population resulting from the recombination of the variety cross (NAP x HG = Group I x Group II). b) Hybrid combinations (NAP x HG) most appropriate for the exploitation of heterosis at the interpopulation level. By using the procedure already presented, the predicted means of populations identified in (a) are shown in Table 12 , for the highest yielding combinations; the predicted means were obtained by first identifying the varieties with positive effects of GCA for grain yield and the prediction procedure was accomplished based only in the selected varieties. Then, the predicted means (Table 12 ) represent the best combination for each variety of Group I. In season e 1 , the expected mean (t/ha) of the selected combinations varied from 7.550 (5 x 3' = NAP-HT x HG-55) to 8.860 (7 x 3' = NAP-PZ x HG-55); the range is equivalent to 95.4 and 106.9% of the check mean. In the 2nd crop (season e 2 ) grain yield varied from 5.130 (5 x 3') to 6.390 (2 x 3' = NAP-FL x HG-55), which represents 97.6 and 108.8% of the check mean. Notice that HG-55 was elected, in both seasons, as the most promising parent variety of Group II to be used as the base for incorporation of two varieties of Group I. In fact, HG-55 ranked in first and second place for positive GCA in the seasons e 1 and e 2 , respectively. The expected means for the other traits of the selected crosses are also shown in Table 12 in order to complement the amount of useful information about the germplasm in use.
The prediction of hybrid populations (composites) [Group I x Group II = crosses of populations developed from varieties of positive effects of GCA], led to the identification of the five most promising crosses between composites (or variety x variety, or variety x composite) as shown in Table 13 . In season e 1 , the expected GYs (t/ha) were very similar among crosses, in the range of 8.273 to 8.428, equivalent to 92.0 and 93.7% of the hybrid check. In season e 2, the range was from 6.021 to 6.392, representing 95.2 and 101.1% of the hybrid check. The expected pattern of expression of the other traits is also shown in Table 13 . Taking into account that the number of populations is relatively low, it should be advisable the synthesis of the new parental populations and the evaluation of the crosses between populations. For season e 1 , from Group I the set includes three open-pollinated varieties (3, 6, 8) , one composite of size 2 (36) and one composite of size 3 (368); from Group II, it includes two open-pollinated varieties (4, 5). For the season e 2 , it comprises two varieties (6, 7) and two composites (16 and 67) from Group I, while from Group II it includes two varieties (3, 5) and one composite (35). The next step is to accomplish the crosses following the schedule shown in Table 13 . 
